Galanin inhibits the release of several neurotransmitters and produces performance deficits in a variety of spatial and aversive learning and memory tasks. The experiments in this study investigated the role galanin has in emotional learning and memory using a standard delay cued and contextual fear conditioning task. Rats were administered galanin into the lateral ventricles before training, and scored for freezing behavior in the same context and in a novel context with and without an auditory cue (CS) that had been paired previously with an aversive stimulus (US). Galanin-overexpressing transgenic mice were tested in an identical behavioral protocol. The galanin-administered rats and the transgenic mice were not significantly different from their respective controls on this task. A more challenging trace cued and contextual fear conditioning procedure was administered to separate groups of galanin-treated rats and galanin-overexpressing transgenic mice. Subjects were trained with the same CS and US, however, a 2.5-sec delay was inserted between CS offset and US onset. Following the trace conditioning, rats administered galanin and mice overexpressing galanin both exhibited significantly less freezing to the CS in the novel context as compared with their control groups. These results indicate that the observed disruption of cued fear conditioning was specific to the more difficult trace conditioning task. These findings are the first demonstration that galanin impairs performance on an emotional memory task and support the hypothesis that galanin-induced deficits are specific to more difficult cognitive tasks.
Galanin is a neuropeptide expressed in the mammalian brain that inhibits the release of acetylcholine, glutamate, norepinephrine, and serotonin Robinson et al. 1996; Kinney et al. 1998; Wang et al. 1999; Branchek et al. 2000; Waters and Krause 2000; Wrenn and Crawley 2001) . In addition, galanin has inhibitory actions on signal transduction mechanisms, including adenylate cyclase activity and phosphatidyl inositol hydrolysis (Palazzi et al. 1991; Karelson and Langel 1998; Iismaa and Shine 1999) . Furthermore, galanin is overexpressed in the basal forebrain in Alzheimer's disease (AD) (Chan-Palay 1988; Beal et al. 1990; Mufson et al. 1993; Bowser et al. 1997) . The role of galanin in AD neurodegeneration and dementia is under investigation.
When administered into the lateral ventricles or hippocampus of rats, galanin induces deficits in several cognitive tasks, including T-maze delayed alternation, delayed nonmatching to position, starburst radial maze, and the Morris water task (Sundstrom et al. 1988; Givens et al. 1992; Malin et al. 1992; Crawley 1993a,b, 1994; Shandra et al. 1994; Ukai et al. 1995; Crawley 1996, 1997; Ögren et al. 1996; McDonald et al. , 1998 Schött et al. 1998a Schött et al. ,b, 2000 Stefani and Gold 1998; Gleason et al. 1999) . Transgenic mice overexpressing galanin show performance deficits in spatial navigation on the Morris water task, and in an olfactory memory task, social transmission of food preference (Steiner et al. 2001) . Fear conditioned emotional learning and memory tasks have not been investigated.
Learning and memory deficits observed following exogenous administration of galanin in the rat and in galaninoverexpressing transgenic mice appear to be selective impairments in performance on the more demanding explicit components of cognitive tasks (McDonald et al. 1998 ). Performance deficits following galanin administration appear primarily on difficult, hippocampally-dependent components of the tasks, for example, probe trial deficits in the Morris water task following normal hidden platform training (Gleason et al. 1999; Steiner et al. 2001) . One hypothesis is that the inhibitory effect of galanin is detected only under cognitively demanding conditions, when full hippocampal neurotransmission is essential. To understand the type of task affected by galanin more fully, it is necessary to directly compare the actions of galanin in a simple versus a more complex version of a behavioral task. In addition, it is useful to compare the actions of galanin in hippocampal versus nonhippocampal-dependent tasks.
Delay cued and contextual fear conditioning (CCF) is a classically conditioned learning and memory task. Standard delay CCF consists of an initially neutral conditioned stimulus (CS), typically an auditory tone, being simultaneously presented with an unconditioned stimulus (US), typically a footshock. Following the pairing of the CS and US, subjects display freezing behavior when presented with the CS (cued fear), as well as when returned to the environment in which the US was presented (contextual fear). Both the hippocampus and the amygdala mediate components of fear conditioning, although controversy continues on their relative contributions to each component (Kim and Fanselow 1992; Phillips and LeDoux 1992, 1994; Paylor et al. 1994; Maren et al. 1996a; Logue et al. 1997; McNish et al. 1997; Anagnostaras et al. 1999; Antoniadis and McDonald 2000; Gewirtz et al. 2000; Schafe et al. 2001) . The cued fear component requires an intact amygdala (LeDoux et al. 1990; Phillips and LeDoux 1992; Davis and Whalen 2001; Schafe et al. 2001) . Lesion studies have shown that conditioned cued fear was intact following hippocampal lesion, but absent following amygdalar lesion (Phillips and LeDoux 1992) . The contextual fear component appears to require an intact hippocampus, as shown in lesion and pharmacological studies (Phillips and LeDoux 1992; Chen et al. 1996; Logue et al. 1997; Holland and Bouton 1999; Young et al. 2000; Anagnostaras et al. 2001; Corcoran and Maren 2001; Wallenstein and Vago 2001) . It has been hypothesized that the hippocampus mediates the association of the US and the constellation of cues in the environment during training (Phillips and LeDoux 1994; Nail-Boucherie et al. 2000; Hall et al. 2001 ). In addition, specific glutamate receptors within the amygdala also contribute to contextual fear conditioning (Fanselow and Kim 1994; Maren et al. 1996b; Rodrigues et al. 2001) .
Trace CCF differs from the standard delay CCF in that it requires a temporal association between the stimuli. In trace CCF, the CS and US do not coincide but are separated by several seconds. Additional hippocampal involvement is thought to be required for the cued fear association with a time delay between the CS and US (Solomon et al. 1986; Huerta et al. 2000) . Lesion studies demonstrate that the hippocampus is necessary for trace cued fear (Solomon et al. 1986; Moyer et al. 1990; Sutherland and McDonald 1990; McEchron et al. 1998 McEchron et al. , 2000 Weiss et al. 1999; Ryou et al. 2001) .
Our experiments were designed to test the effects of galanin in a standard emotional learning and memory task, delay CCF. Furthermore, we tested the effects of galanin in the more challenging emotional learning and memory task, trace CCF. Two different model systems were employed: central galanin microinjections to normal rats and transgenic mice that overexpress galanin. saline treated rats. Performance of Sprague-Dawley rats administered saline vehicle or galanin (3 nmoles) intraventricularly on the standard delay cued and contextual fear conditioning procedure. (A) Freezing behavior during the first 2 min of training before CS-US presentation (Pre-US), and the final 2 min of the training session after CS-US presentations (Post-US). (B) Freezing behavior in the novel context, 24 h after training, during the first 3 min of no CS presentation (Pre-Cue), and during the 3 min of CS presentation (Auditory Cue). (C) Freezing behavior 48 h after training, in the same context in which training was carried out on day 1. Data are presented as means ±SEM. No significant treatment differences were detected.
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RESULTS

Rats
Standard Delay CCF As shown in Figure 1 , no significant differences were detected in the proportion of time spent freezing for the last 2 min of the day 1 training session between the rats administered intraventricular galanin versus saline (F (1,18) = 0.63; P = .804). Similarly, galanin had no significant effect on freezing in the day 2 novel context either before CS presentation (F (1,18) = 0.84; P = .371), or during CS presentation (F (1,18) = 1.21; P = .286). No significant differences were detected between the galanin-treated and salinetreated rats on day 3 contextual fear (F (1,18) = 1.02; P = .326).
Trace CCF
As shown in Figure 2 , a significant difference in the proportion of time spent freezing for the last 2 min of the training session was detected (F (2,31) = 20.983; P = .001). Tukey post-hoc comparisons revealed that galanin and saline treatment groups did not differ significantly (P = .875), but controls with no US presentation froze significantly less than galanin-treated rats (P = .001), and saline treated rats (P = .001). There were no significant differences between any of the groups during the first 3 min in the novel context before the CS presentation (F (2,31) = 2.15; P = .134). The presentation of the CS in the novel context produced a significant difference between groups (F (2,31) = 23.409; P = .001).
Tukey post-hoc comparisons revealed that galanin-treated rats froze significantly less than saline treated rats (P = .003). Controls with no US presentation froze significantly less than galanin-(P = .007) or saline-(P = .001) treated rats. No significant differences were observed between any of the treatment groups for the 90 sec following the cessation of the CS in the novel context (F (2,31) = .890; P = .421). Lastly, a significant difference between groups was observed 48 h after training, in the proportion of time spent freezing when subjects were returned to the training environment for the contextual fear test (F (2,31) = 11.215; P = .001). Tukey post-hoc comparisons detected significantly less freezing in the controls with no US presentation versus both the galanin-(P = .001) and saline-(P = .002) treated groups that were presented with the US.
Histology
Of 54 cannulated rats, two displayed incorrect placements. In both cases, the ventral tip of the cannula was dorsal to 
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www.learnmem.org the ventricle. Data from these subjects were removed from the behavioral analysis. The correct placement of the cannula in 52 rats is illustrated by a representative section in Figure 3 . Table 1 presents the measures of general health, sensory abilities, and motor functions. No significant differences were detected between these GAL-tg mice and their wildtype littermate controls, confirming previous findings from other batches of GAL-tg and wild-type mice (Steiner et al. 2001; Holmes et al. 2002) . Figure 4 shows that GAL-tg mice were not significantly different from wild-type controls on exploratory horizontal locomotion in the open field (F (1,61) = .109; P = .742), accelerating rotarod (F (1,61) = .031; P = .862), hot plate (t = −0.0541; df = 56; P = 0.957) tail flick (t = −1.128; df = 61; P = 0.264), and acoustic startle (F (1,61) = .856; P = .359) tests. Data are expressed as a percentage of mice (within a gender and genotype group) that display the given phenotype, with the exception of the alternative measures stated in parentheses. Measures for body weight and wire hang are stated as mean ± SEM. Measures of general health, home cage behavior, and neurological reflexes were not significantly different between genotypes. 3 point scale: 1 = deficient, 2 = moderate, 3 = excessive. Number of mice per group is shown in parentheses after genotype. 
Mice
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Standard Delay CCF As shown in Figure 5 , GAL-tg and wild-type controls were not significantly different in the proportion of time spent freezing following the CS-US pairing (F (1,41) = .076; P = .784). Similarly, no significant differences were detected between the GAL-tg mice and wild-type controls in freezing behavior on day 2 in the novel context in the absence of the CS (F (1,41) = .001; P = .992), nor when the CS was presented (F (1,41) = .013; P = .911). Proportion of time spent freezing when the mice were returned on day 3 to the same context in which training took place was not significantly different across genotypes (F (1,41) = .283; P = .598).
Trace CCF
As shown in Figure 6 , comparisons between genotypes on training day 1 in trace CCF revealed a significant difference between groups (F (2,70) = 14.243; P = .001). Tukey post-hoc comparisons revealed that the GAL-tg group was not significantly different from the wild-type controls (P = .788), but the controls with no US presentation differed significantly from the GAL-tg (P = .001), and wild-type mice (P = .001). There were no significant differences between groups on day 2 in the novel context before the presentation of the CS (F (2,70) = 2.448; P = .094). In the novel context the presentation of the CS produced a significant difference between groups of mice (F (2,70) = 17.11; P = .001). Tukey post-hoc comparisons revealed significantly less freezing in GAL-tg mice as compared with wild-type controls (P = .003). The control group with no US presentation froze significantly less than both the GAL-tg (P = .001) and the wild-type controls (P = .001). No significant difference was detected between any of the groups in the 90 sec following the cessation of the CS in the novel environment (F (2,70) = 2.731; P = .072). Finally, a significant difference was detected in contextual freezing on day 3 (F (2,70) = 4.214; P = .019). Tukey posthoc comparisons revealed that GAL-tg and wild-type controls were not significantly different (P = .786), but controls with no US presentation froze significantly less than both GAL-tg (P = .009), and wild-type (P = .014). Figure 7 shows the data from the second experiment, repeating the trace CCF test in a separate cohort of GAL-tg and wildtype mice. As in experiment 1, a significant difference was detected between the GALtg mice and wild-type controls in the novel context when the CS was presented (F (1,50) = 7.045; P = .011). Again, no other significant differences between genotypes were detected in experiment 2, thereby replicating the findings of experiment 1.
DISCUSSION
A growing body of literature has demonstrated that galanin administered centrally to rats induces performance deficits in a variety of learning and memory tasks (Robinson and Crawley 1993b; Ukai et al. 1995; McDonald et al. 1998; Ögren et al. 1996; Schött et al. 2000; Wrenn and Crawley 2001) . Our findings further sup- 
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port an inhibitory role of galanin on cognitive processes. Both intraventricular administration of galanin to rats and overexpression of galanin in transgenic mice produced a deficit in an emotional learning and memory task. Although galanin did not affect any component of standard delay fear conditioning, galanin impaired performance on trace fear conditioning, a more challenging variant of delay CCF that requires hippocampal mediation of both cued and contextual fear (Moyer et al. 1990; Sutherland and McDonald 1990; Weiss et al. 1999; Huerta et al. 2000; McEchron et al. 2000; Ryou et al. 2001) . Furthermore, galanin specifically reduced freezing on the cued components of trace fear conditioning. Cued freezing in the trace fear conditioning test is thought to depend on the integrity of both the amygdala and the hippocampus (LeDoux et al. 1990; Moyer et al. 1990; Sutherland and McDonald 1990; Phillips and LeDoux 1992; McEchron et al. 1998 McEchron et al. , 2000 McEchron et al. , 2001 Weiss et al. 1999; Davis and Whalen 2001; Ryou et al. 2001; Schafe et al. 2001) . Specifically, both the galanin administered rats, and the galanin-overexpressing transgenic mice exhibited a deficit only in the particular aspect of the conditioning procedure that requires both amygdala and hippocampal mediation to a single discrete stimulus (trace cued fear). These findings indicate that the cognitive impairments produced by galanin are consistent across two species, and across exogenous and endogenous manipulations, on specific components of fear conditioning. The addition of a delay between the CS and US has been used in a variety of investigations of hippocampal learning and memory (McEchron et al. 1998 (McEchron et al. , 2001 Weiss et al. 1999; Huerta et al. 2000; Ryou et al. 2001) . Delays ranging from 0.5 sec to >30 sec have been employed. The use of a 2.5-sec delay in this study was selected as the minimum delay in this task that has been demonstrated to disrupt performance (Huerta et al. 2000) . It would be interesting to further examine the effects of galanin on the trace CCF procedure using longer delays between the CS and US to determine if increasing the length of the delay between stimuli produces even larger differences in freezing attributable to galanin.
The GAL-tg mice were similar to wild-type controls on measures of general health, neurological reflexes, sensory, and motor capabilities. Therefore, the GAL-tg mutation had no physical consequences on motor functions that could influence freezing behavior, on hearing necessary for detecting the auditory CS, or on pain perception necessary to respond to the US. Furthermore, replication of the deficit in trace cued freezing in two independent batches of GAL-tg emphasizes the robustness of the selective cognitive phenotype.
Our data support the interpretation that galanin impairs performance on an emotional learning and memory task. Furthermore, these data provide support for an interpretation that the inhibitory actions of galanin are detect- 
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www.learnmem.org able only when the task is sufficiently difficult. The insertion of a delay between the CS and US in trace CCF has been argued to require greater hippocampal involvement (Solomon et al. 1986; Moyer et al. 1990; Sutherland and McDonald 1990; Huerta et al. 2000; McEchron et al. 2000) than delayed cued fear. Phillips and LeDoux (1992) demonstrated that animals with hippocampal lesions exhibit normal cued fear in standard delay CCF training procedures, indicating an association of the CS and the US. Lesions of the hippocampus, however, severely disrupt cued fear conditioning in the trace CCF procedure (McEchron et al. 1998; Weiss et al. 1999; McEchron et al. 2001; Ryou et al. 2001 ).
In our experiments, we hypothesize that the temporal separation of the CS and the US in trace conditioning makes the association of the CS and US more difficult than in standard delay conditioning. This hypothesis is supported by evidence that trace conditioning requires additional training trials compared with standard delay conditioning (for review, see Beylin et al. 2001) . A second rationale for trace CCF being more difficult, as well as a potential explanation of the deficit in trace cued fear without a deficit in contextual fear, is that trace cued fear represents the only measure of hippocampal-and amygdala-mediated conditioning to a single stimulus (CS). In delay contextual fear, the animal may learn an association between the footshock and multiple cues present in the training environment. In trace cued fear, however, the subject must exhibit the conditioned fear to a single stimulus presented during training (CS) rather than to the constellation of cues in the training environment (contextual fear). Furthermore, the cued fear association must be made when a temporal separation (trace interval) separates the CS and US. No such temporal separation exists between the contextual cues in the training room and the presentation of the US. The nature of peptide release indicates a mechanism by which galanin-induced cognitive deficits might depend on the difficulty of the task. In neurons containing co-existing classical neurotransmitters and neuropeptides, much higher neuronal firing rates or bursts of activity are required to release the peptide than to release the classical transmitter (Hökfelt et al. 1987; Consolo et al. 1994; Muschol and Salzberg 2000) . Inhibitory actions of endogenous galanin in galanin-overexpressing transgenic mice may occur only during behavioral conditions in which a sufficiently high degree of neuronal activity is occurring in galanin-containing pathways to evoke the release of galanin. For example, in delay CCF, Maren (2000) demonstrated a CS-elicited spike of activity in the lateral amygdala on presentation of the CS after it has been paired with a US. It seems likely that the hippocampally-dependent association of the CS and US in trace CCF may similarly induce a spike of activity within the hippocampus, of sufficient magnitude and duration to release endogenous galanin.
In addition, the actions of endogenously overexpressed 
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and exogenously administered galanin may be neuromodulatory, and therefore detectable only in tasks in which full hippocampal neurotransmission is required. Galanin inhibits the evoked release of acetylcholine, glutamate, norepinephrine, and serotonin in rat hippocampus (Zini et al. 1993; Robinson et al. 1996; Kinney et al. 1998; Mazarati et al. 2000) , all of which have been implicated in learning and memory. In addition, galanin attenuates PI hydrolysis and adenylate cyclase activity in the hippocampus (Palazzi et al. 1991; Karelson and Langel 1998; Iismaa and Shine 1999) , which have been demonstrated to be involved in hippocampally-mediated plasticity (Pontzer et al. 1990; Weisskopf et al. 1994; Wu et al. 1995; Xia et al. 1995; Fitzjohn et al. 1998; Villacres et al. 1998; Baker et al. 1999) . Negligible neuromodulatory inhibition of neurotransmitter release or signal transduction mechanisms may occur when neurons are firing at low rates, e.g., during a more simple task, such as standard delay CCF. During performance of a more difficult task, however, such as trace CCF, a higher degree of neuronal activity, neurotransmission, and signal transduction may be required. A modest galanin-induced reduction in glutamate or acetylcholine release, or galanin-induced inhibition of intracellular mechanisms, may be sufficient to impair performance when full neuronal activity is required, such as learning the association between the CS and US when they do not coincide, as in trace CCF. Furthermore, galanin appears to act as an inhibitory modulator, particularly reducing the evoked release of neurotransmitters and the activity of signal transduction mechanisms in the hippocampus (Palazzi et al. 1991; Ögren et al. 1996; Robinson et al. 1996; Karelson and Langel 1998; Kinney et al. 1998 ).
Modulatory inhibition produced by galanin may differ from hippocampal lesions in functional outcome. Therefore, galanin overexpression did not mimic the ability of hippocampal lesions to impair contextual fear in the present experiments. The present findings in rodents support the emerging hypothesis that the cognitive impairments that characterize AD may be attributable, in part, to the inhibitory actions of galanin (Hökfelt et al. 1987; Steiner et al. 2001) . Overexpressed galaninergic fibers and terminals surround the basal forebrain cholinergic neurons that degenerate early in the disease progression (Chan-Palay 1988; Beal et al. 1990; Mufson et al. 1993; Bowser et al. 1997) . It is interesting to speculate that neuronal damage within the basal forebrain caused by ␤-amyloid accumulation may represent the trigger for increased expression of galanin. Galanin and ␤-amyloid have been shown to synergistically inhibit acetylcholine release (Wang et al. 1999) . These data indicate that inhibitory actions of overexpressed galanin on other neurotransmitters and second messengers may exacerbate the cognitive decline associated with AD pathology.
In conclusion, a disassociation between standard delay 
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www.learnmem.org fear conditioning and trace fear conditioning was found in both rats administered galanin intraventricularly and transgenic mice overexpressing galanin. The results demonstrate that galanin produces deficits in cued freezing in the trace conditioning task, whereas it spares performance in the less demanding standard delay conditioning task. Inhibitory modulation by galanin of neurotransmission and/or intracellular signaling may represent the underlying mechanisms by which galanin impairs performance on more difficult learning and memory tasks.
MATERIALS AND METHODS
Subjects
All procedures were conducted in accordance with the National Institutes of Health (NIH) guidelines for the care and use of laboratory animals, and approved by the National Institute of Mental Health (NIMH) Animal Care and Use Committee.
Rats
A total of 54 adult male Sprague-Dawley rats (Taconic) were ∼100-days-old on arrival. Rats were individually housed in a vivarium maintained at a constant temperature of 22°C on a 12-h light-dark cycle (0800 light onset), with continuous access to rat chow and water in the home cages. Behavioral tests were conducted during the light cycle, between the hours of 10 am and 4 pm. Rats were unilaterally implanted with 1.4 cm, 24 gauge stainless steel guide cannulae (Small Parts Inc.) into the right lateral ventricle, under ketamine/xylaxine anesthesia. Following a midline incision, the scalp was exposed and the cannula was placed 1.0 mm lateral, 0.5 mm posterior, and 3.5 mm ventral from bregma (Paxinos and Watson 1986). The guide cannula was secured to the skull with dental acrylic and stainless steel screws. Rats were then administered an analgesic (Ketoprofen) to minimize post-operative pain. Recovery for a minimum of 8 d was allowed before behavioral experiments were initiated. Injections were administered on the training day, 5 min before the start of the session for both the standard and trace CCF procedures. No treatments were given on test days 2 or 3. Injections were performed using a 1.5-cm, 28-gauge injector inserted into the guide cannula, fabricated from hypodermic stainless steel tubing (Small Parts Inc.). Rats were injected with either 0.9% NaCl vehicle at a volume of 3 µL, or 3 nmoles galanin/3 µL saline. The administration of either saline or galanin was carried out over 15 sec (1 µL /5 sec), followed by an additional 45 sec to allow the injection volume to distribute within the ventricle before removal of the injector. Rat galanin 1-29 was purchased from American Peptide Company.
Mice
Galanin-overexpressing transgenic mice (GAL-tg) and wild-type littermate controls (WT) were bred at The Jackson Laboratory. As described previously (Steiner et al. 2001) , the galanin transgene was linked to a dopamine ␤-hydroxylase promoter. Genotyping did not distinguish homozygous from heterozygous GAL-tg. The transgenic line was backcrossed for seven generations into a C57BL/6J background. Heterozygote matings produced the cohorts of experimental mice. Galanin mRNA overexpression in GAL-tg was elevated approximately fivefold in the locus coeruleus; galanin peptide levels were approximately doubled in the forebrain, as compared to wild type (Steiner et al. 2001) . Forty-four littermates were used for the standard delay cued and CCF: 12 male wild type, 12 male GAL-tg, 10 female wild type, and 10 female GAL-tg. A separate set of 63 littermates was used for the first trace cued and contextual fear conditioning experiment (trace CCF): 11 male wild type, 23 male GAL-tg, eight female wild type, and 21 female GAL-tg. The second trace CCF experiment employed an independent third set of 23 wild-type and 28 GAL-tg littermate females. An additional 10 normal male C57BL/6J mice were used as nonshocked controls to quantitate baseline activity in the trace CCF experiments. All subjects were group-housed by gender. In a few cases, an animal was individually housed after repeated episodes of aggression toward or overgrooming of its cage-mates. Mice were housed in a vivarium maintained at a constant temperature of 22°C and maintained on a 12-h light-dark cycle (0600 light onset), with continuous access to mouse chow and water in the home cages.
Multitiered Behavioral Screen
Mice were first individually evaluated on measures of body weight, temperature, coat condition, missing whiskers, piloerection, forepaw reaching, and body/limb tone, as described previously (Crawley and Paylor 1997; Paylor et al. 1998; Holmes et al. 2002; Steiner et al. 2001) . Neurological reflexes tested included trunk curl, righting reflex, positional passivity, ear twitch, toe pinch, whisker response, and corneal response. Home cage behaviors were scored for occurrence of solitary sleeping, nest building, aggression, and fighting. Mice were observed for 3 min in a novel cage for occurrence of exploration, wild running, stereotypes, freezing, and grooming.
Following the initial evaluation, mice were then tested on measures of sensory and motor abilities. Motor tasks consisted of the accelerating rotarod and open field locomotion. Sensory tasks included hotplate and tail flick analgesia, acoustic startle, and prepulse inhibition. Methods were as described previously (Crawley and Paylor 1997; Paylor et al. 1998; Holmes et al. 2002; Steiner et al. 2001 ).
Standard Delay Cued Contextual Fear Conditioning
Methods followed were similar to the established literature for this task (Chen et al. 1996; Wehner et al. 1997; Impey et al. 1998) . The chamber used for fear conditioning and scoring of freezing to context was a 26 cm✕23 cm✕17 cm clear Plexiglas box with a metal grid floor for footshock delivery (Freeze Monitor, San Diego Instruments, San Diego, CA). The novel chamber for scoring of novel context and auditory cued fear was a triangular box, 50 cm✕35.5 cm✕25 cm, constructed of white plastic. Vanilla extract (∼0.5 mL; McCormick) was painted onto one of the walls of the novel chamber. A Dell Optiplex computer interfaced to a shock stimulator and speaker delivered the tone (CS) and shock (US). The tone generated by the speaker was 80 dB at a frequency of 810 Hz. The shock was 0.5 mA AC current, for 1.0 sec for rats, and 0.2 mA AC current for 1.0 sec for mice. All procedures were carried out using San Diego Instruments software.
Rats were randomly assigned to either the saline group (N = 10) or the galanin group (N = 10). The observer was blind to the treatment condition of the rats and to the genotype of the mice. The procedures used for both rats and mice were identical, with the exception that rats were given a central injection of either saline (3 µL) or galanin (3 nmole/3 µL) 5 min before placement in the conditioning apparatus on day 1. Figure 8A describes the procedural components of standard delay CCF. On the training day,
www.learnmem.org the subject was placed into the conditioning chamber and given 2 min to explore the chamber. The CS tone was then presented for 30 sec. During the last second of the CS tone the US footshock was administered. The first CS and US pairing coterminated 2 min and 30 sec after the start of the session. The subject was then given 2 min to explore the chamber with no CS or US present. The CS was then presented again for 30 sec, with the US again presented during the last second of the tone presentation. Following the second CS-US pairing, the animals were allowed to explore the cage for 2 additional min. All subjects were then removed from the training chamber and returned to their home cage. Throughout the entire session the experimenter observed the animal every 10 sec to score the presence or absence of freezing. Freezing behavior was defined as the absence of any movement with the exception of breathing (Kim and Fanselow 1992; Wehner et al. 1997) . The data collected for the training session consisted of the proportion of observations in which the subject was scored as freezing during the first 2 min of the session (pretraining baseline freezing) and the proportion of observations in which the subject was scored as freezing during the last 2 min of the session (post-training measure). After each subject completed the training session, the chamber was cleaned with ethanol. Twenty-four hours after training, subjects were individually removed from their home cages and taken to a different room for the auditory cued fear test. Each subject was placed in the triangular box (novel context) for 6 min. The first 3 min consisted of baseline exploration in the absence of the CS. The CS tone used previously in training was then initiated for 3 min. Presence or absence of freezing behavior was scored at 10-sec intervals for the entire 6-min session. At the end of the 3 min of CS presentation, the subjects were immediately returned to their home cage. After each subject completed the test session, the chamber was cleaned with ethanol.
Forty-eight hours after training, subjects were individually removed from their home cages and taken to the original training room for the contextual fear test. Each subject was placed into the same Freeze Monitor chamber in which training took place. Freezing behavior was scored at 10-sec intervals over a 5-min session. All conditions in the room were identical to the training day with the exception that the CS and US were not presented. After each subject completed the test session, the chamber was cleaned with ethanol.
Trace Cued Contextual Fear Conditioning (Trace CCF)
All procedures used for the trace CCF procedure were identical to standard delay CCF procedure, with the exception of US onset and number of CS and US pairings, as described previously (Crestani et al. 1999; Huerta et al. 2000) . As shown in Figure 8B , a delay of 2.5 sec was inserted between the CS and US. In addition, subjects in the trace conditioning procedure received a total of four sequential CS and US pairings. Ten rats were administered saline vehicle and 10 rats were administered galanin 5 min before the start of training. Subjects were trained on day 1 in the Freeze Monitor environment. Following the training session, subjects were returned to their home cages. The auditory cued fear test sessions on day 2 were identical to those used in the standard cued fear experiment, with the exception of the duration of the session. Subjects were allowed to explore the novel environment for 3 min without CS presentation, followed by 3 min of continuous CS presentation. Following the termination of the CS, the subjects were allowed to explore the novel context for an additional 90 sec to determine if the subjects learned that the tone signaled an upcoming shock in the trace procedure. Freezing behavior was scored at 10-sec intervals throughout the entire session (7.5 min). The procedure for the trace contextual fear test on day 3 was identical to the procedure for the standard CCF test on day 3.
A control experiment was conducted to examine potential differences in the proportion of time spent freezing because of the added time and number of CS presentations necessary for training in the trace procedure. Ten saline-treated rats and 10 normal C57BL/6J male mice were exposed to the entire trace conditioning procedure, however, no US footshock was presented in the training session. All other procedures for these control groups were identical to subjects in the trace conditioning groups. These controls were used to establish whether the additional time in the trace training session resulted in increased habituation and freezing in any phase of the experiment.
Histological Analysis
Rats were euthanized via CO 2 asphyxiation, and the brains were immediately removed and placed in an 8% formaldehyde solution. Tissue was sectioned at a thickness of 60 µm, mounted on gelatincoated slides, and stained with 0.1% thionen. Sections were examined under a stereoscopic light microscope to verify cannula placement. A rat that did not display a clear cannula track into the lateral ventricle was scored as a "miss" and the behavioral data of those subjects were removed from the data analysis.
Statistical Analysis
All data were analyzed using the SPSS statistical software package. Data collected on the initial behavioral observations were analyzed via t-tests (hot plate and tail flick), Repeated Measures Analysis of Variance (ANOVA) (rotarod and open field), or Analysis of Variance (all remaining data from neurological screen of general health, sensory abilities, and motor functions). Standard delay CCF and trace CCF data from rats were analyzed by one-way Analysis of Variance for each session, with Tukey post-hoc comparisons following a significant ANOVA. Standard delay CCF and trace CCF data from mice were analyzed by two-way ANOVA for gender and genotype. No significant differences were obtained because of gender. Data were therefore collapsed and analyzed by one-way ANOVA. Tukey post-hoc comparisons were used following a significant ANOVA. 
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